Introduction {#j_jomb-2018-0009_s_001}
============

The history and discover of metformin (1,1-dimethylbiguanide hydrochloride) hinged upon beginning of 19^th^ century. *Galega officinalis* was known as herbal ancestor of metformin which is rich in guanidine. Majority of guanidine derivatives (not metformin) were used to treat T2D but afterwards not continued due to their toxicity. Among them, metformin initially were discovered by searching of antimalarial agents and it was reported to be useful to treat influenza and lower blood glucose in 1940s. The use of metformin to treat T2D was suggested first by French scientist Jean Sterne in 1957s. Since the date, metformin has been commonly used drug to treat diabetes mellitus ([@j_jomb-2018-0009_ref_001], [@j_jomb-2018-0009_ref_002], [@j_jomb-2018-0009_ref_003]).

![Structure of guanidine and metformin G. officinalis is herbal ancestor of metformin which is rich in guanidine known to lower blood glucose level ([@j_jomb-2018-0009_ref_004]).](jomb-37-499-g001){#j_jomb-2018-0009_fig_001}

The known function of metformin is to reduce blood glucose by inhibition of glucose production in the liver, enhance insulin sensitivity and increases glucose uptake in skeletal muscle, peripheral and adipose tissue ([@j_jomb-2018-0009_ref_005], [@j_jomb-2018-0009_ref_006], [@j_jomb-2018-0009_ref_007], [@j_jomb-2018-0009_ref_008]). Moreover, metformin was reported to upregulate circulating glucagon-like peptide-1 (GLP1) by enhancing of secretion of GLP--1 or by reducing the function of dipeptidyl peptidase-4 (DPP4) which is an enzyme inactivating GLP--1 both in tissue and circulation. After digestion of the meal, GLP--1 affects pancreatic islands by stimulating the synthesis of insulin and at the same time blocking of glucagon hormone. Studies showed that metformin increase expression of GLP--1 receptors on the surface pancreatic b-cells ([@j_jomb-2018-0009_ref_009], [@j_jomb-2018-0009_ref_010]).

There are lots of debates about precise molecular mechanism of metformin. The most studies suggest that metformin acts on AMP-activated protein kinase (AMPK) and inhibits function of electron transport chain complex, and reduces adenosine triphosphate (ATP) production ([@j_jomb-2018-0009_ref_011], [@j_jomb-2018-0009_ref_012], [@j_jomb-2018-0009_ref_013]). Metformin induced AMPK activation regulate the target genes that play important role in energy homeostasis by increasing glucose uptake into skeletal muscle and by blocking of hepatic gluconeogenesis ([@j_jomb-2018-0009_ref_014]). However, some studies have shown that metformin activates AMPK independent pathways so precise mechanism of metformin is not fully understood. It has been suggested that metformin have different effects on different tissues ([@j_jomb-2018-0009_ref_015], [@j_jomb-2018-0009_ref_016]).

Besides treatment of T2D, metformin has a protective role in many cancer types by suppression of tumor growth in vivo and in vitro. It has been reported that diabetic patients received metformin treatment showed lower cancer incidence and cancer mortality ([@j_jomb-2018-0009_ref_017]).

MicroRNAs (miRNAs) are endogenous, 21 - 25 nucleotides in length, small noncoding RNA molecules, which control gene expression at posttranscriptional level and participate in a variety of important biological processes including gene regulation, proliferation, apoptosis and metabolism ([@j_jomb-2018-0009_ref_018], [@j_jomb-2018-0009_ref_019], [@j_jomb-2018-0009_ref_020]). It has been reported that more than half of human genes are regulated by miRNAs ([@j_jomb-2018-0009_ref_021]).

Dysfunction of miRNAs significantly contributes initiation and progression of T2D. Recent study has shown that miRNAs have functional roles in insulin secretion, glucose homeostasis and adipocytes differentiation ([@j_jomb-2018-0009_ref_022], [@j_jomb-2018-0009_ref_023], [@j_jomb-2018-0009_ref_024]). The extensive studies on circulating miRNAs have revealed that miR-21, miR-126 and miR--146a are the most commonly altered miRNAs between healthy person and patients with T2D. In addition, some other miRNAs, including miR-1, miR-16, miR-125b, miR-133, miR-155, miR-206, miR-221, miR-223 and miR-503 have also found to be associated with progression of T2D. However, there is limited number of studies how metformin changes expression of plasma derived miRNAs in T2D ([@j_jomb-2018-0009_ref_025], [@j_jomb-2018-0009_ref_026], [@j_jomb-2018-0009_ref_027]).

In the present study, it was aimed to evaluate the changes in expression profiles of circulating miRNAs following by metformin treatment in patients with T2D.

Materials and Methods {#j_jomb-2018-0009_s_002}
=====================

Study design and determination of participants {#j_jomb-2018-0009_s_002_s_001}
----------------------------------------------

The study included 47 patients (20 female and 27 male) that were diagnosed with Type 2 diabetes by endocrinologist at the Department of Endocrinology and Metabolism at Mersin University Hospital. Type 2 diabetes was diagnosed according to criteria of American Diabetes Association. The study included patients with type 2 diabetes and same patients following 3 months metformin treatment. The patients received no anti--diabetic treatment before the start of the study. The patients were excluded if they had other metabolic or infectious diseases. All participants group to recruit to the study have given written consent. The research was approved by the Local Research Ethical Committee (Mersin University Medical Faculty, Mersin, Turkey) before the start of the study.

Plasma and RNA isolation {#j_jomb-2018-0009_s_002_s_002}
------------------------

6--7 mL of peripheral blood samples were collected in 2% EDTA containing tubes and centrifuged at 4,000 rpm for 15 min. Plasma then transferred into a clean micro centrifuge tube and centrifuged at 13,000 for 5 min and then 200 μL of plasma stored --80 °C until RNA isolation. Total RNA containing miRNAs was isolated from plasma by using High Pure miRNA isolation Kit (Roche diagnostic GmbH, Mannheim, Germany) and stored at --80 °C.

Reverse transcription reaction {#j_jomb-2018-0009_s_002_s_003}
------------------------------

Total RNA samples were reverse transcribed to cDNA by TagMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA). Reaction process was performed according to manufacturer's protocol: 2 μL total RNA put into 3 μL of the RT reaction mix Megaplex RT Primer mix (10x), MgCI~2~ (25 mmol/L), MultiScribe Reverse Transcriptase (50 U/μL), dNTPs with dTTP (100 mmol/L), RT buffer (10x), RNase inhibitor (20 U/μL) and final volume up to 5 μL. RT reaction condition performed as 40 cycles of 16 °C for 2 min, 42 °C for 1 min and 50 °C for 1 s, then final reverse transcription inactivation at 85 °C for 5 min. cDNA samples were then kept at --80 °C.

Pre-amplication of cDNA {#j_jomb-2018-0009_s_002_s_004}
-----------------------

Pre-amplification reaction was performed by transferring of 2 μL of cDNA into a clean 96-well plate and 8 μL of DNA suspension buffer was added on cDNAs and mixed. Then 2 μL of RT product was pre-amplified by Tagman Preamp Master Mix 5X and Megaplex PreAmp Primers 2X in 5 μL PCR reaction. All reaction processes were followed by manufacturer protocols (PN 4361128 Applied Biosystems, Foster city, CA, USA). The pre-amplification cycling conditions were followed as 95 °C for 10 min, 15 cycles of 95 °C for 15 s and 60 °C for 4 min and kept at 4 °C.

miRNA expression quantification by Fluidigm® microfluidic high- throughput qRT-PCR {#j_jomb-2018-0009_s_002_s_005}
----------------------------------------------------------------------------------

Expression level of 86 different microRNAs was determined by each chip containing of 94 samples in duplicate. Pre-amplified cDNA samples were diluted with low-EDTA (0.1 mmol/L) TE buffer (1:5). Almost 490 uL TagMan Universal PCR Master mix (Applied Biosystems) and 49 μL 20x GE Loading Reagent (Fluidigm, 85000746) were mixed and 3.85 μL of it were pipetted into a 96 well plate. Diluted pre-amplified cDNA were added to each well as 3.15 μL and then mixed then 5 μL of this mixture was loaded to inlets of a 96.96 Dynamic Arrays (Fluidigm). BioMark IFC controller HX (Fluidigm, San Francisco, CA) was used to deliver of both assay mix and sample mix from the loading inlets into the 96.96 Dynamic array reaction chambers for qRT-PCR by Fluidigm Integrated Fluidic circuit Technology. Cycling reaction condition in high throughput BioMark real time PCR followed as: first, thermal mix protocol followed by 50 °C for 2 min, 70 °C for 30 min and 25 °C for 5 min. Then UNG and Hot start protocol followed by 50 °C for 2 min and 95 °C for 5 min. Finally, PCR cycle followed by 40 cycles of 95 °C for 15 s (denaturation) and 60 °C for 60 s (annealing). Amplification curves, heat maps and cycle threshold (Ct) value were obtained by using real time qPCR analysis software. Linear baseline and threshold correction were performed automatically for entire chip.

Normalisation of plasma miRNA expression and relatively quantification {#j_jomb-2018-0009_s_002_s_006}
----------------------------------------------------------------------

Global mean normalization methods were used to normalization of plasma miRNA expression. Data of miRNA expression were normalized with global mean normalization strategy. Global mean normalization of miRNA qRT -- PCR data was adjusted by GenEx Professional 5 software (MultiD Analyses AB, Gothenburg, Sweden). The relative expression of miRNAs was determined by the comparative D CT (△△CT) method. Fold change (FC) was determined by the equation 2 ^△△Ct^.

Statistical Analysis {#j_jomb-2018-0009_s_002_s_007}
--------------------

All statistical analysis was performed by SPSS software package, version 17.0 for Windows (SPSS Inc. Chicago, IL). To determine the differences of expression of plasma miRNAs between patients and controls, Mann-Whitney *U* test was used. Results were shown as a p value of \< 0.05 was considered as significant level.

Results {#j_jomb-2018-0009_s_003}
=======

A total of 47 patients with Type 2 diabetes and same patients received 3 months metformin treatment was recruited to this study. The clinical characteristics of T2D patients were shown in *[Table I](#j_jomb-2018-0009_tab_001){ref-type="table"}*. A total of 27 male patients (Age= 54 ± 11), and 22 female patients (Age= 49 ± 16) were included to this study. Clinical variables for each patient have been recorded at Department of Endocrinology and Metabolism at Medical Faculty of Mersin University.

Expression profiles of 86 miRNAs were determined by using of quantitative real-time PCR (*[Table II](#j_jomb-2018-0009_tab_002){ref-type="table"}*). A total of 86 miRNAs were evaluated in both patients and after metformin treatment groups. Among them, expression level of 13 miRNAs (miR-let-7e-5p, let-7f-5p, miR-21-5p, miR-24-3p, miR-26b-5p, miR-126-5p, miR-129-5p, miR-130b-3p, miR-146a-5p, miR-148a-3p, miR-152-3p, miR-194-5p, miR-99a-5p) were found significantly downregulated in type 2 diabetes patient following metformin treatment. However, there was no significant difference in the expression level of 73 miRNAs between both groups (*[Table III](#j_jomb-2018-0009_tab_003){ref-type="table"}*).

###### 

Clinical characteristics of T2D patients (n=47).

  Clinic Variable                  Male           Female         p- Value
  -------------------------------- -------------- -------------- ----------
  n (total)                        27 (47)        20 (47)        --
  Age (years)                      54 ± 11        49 ± 16        0.176
  BMI (kg/m^2^)                    28.07 ± 6.2    29.67 ± 5.6    0.682
  Fasting Glucose                  134.2 ± 24     128.6 ± 19.5   0.159
  HDL Cholesterol (mmol/L)         2.30 ± 1.23    2.81 ± 1.58    0.015
  LDL Cholesterol (mmol/L)         6.82 ± 3.12    6.75± 2.68     0.923
  Total Cholesterol (mmol/L)       12.28 ± 3.22   11.20 ± 3.44   0.584
  Fasting Triglycerides (mmol/L)   12.68 ± 6.33   8.02 ± 5.11    0.263
  HbA1c (%)                        7.2 ± 3.6      7.6 ± 4.2      0.541

###### 

Differentially expressesed circulating miRNAs following metformin treatment in patients withT2D.

  hsa-let-7e-5p     0.011   0.3
  ----------------- ------- -----
  hsa-let-7f-5p     0.023   0.7
  hsa-miR-21-5p     0.037   0.6
  hsa-miR-24-3p     0.038   0.6
  hsa-miR-26b-5p    0.033   0.7
  hsa-miR-126-5p    0.035   0.4
  hsa-miR-129-5p    0.036   0.6
  hsa-miR-130b-3p   0.021   0.5
  hsa-miR-146a-5p   0.040   0.6
  hsa-miR-148a-3p   0.007   0.4
  hsa-miR-152-3p    0.028   0.4
  hsa-miR-194-5p    0.007   0.4
  hsa-miR-99a-5p    0.040   0.7

FC, fold change. Data analysed by Mann-Whitney U test Value of \*p\<0.05 was considered as significant.

Discussion {#j_jomb-2018-0009_s_004}
==========

Type 2 Diabetes is a most common metabolic disorder in all countries. The number of individuals affected by T2D is increasing each year worldwide. It has been reported that approximately 415 million people were affected by diabetes in 2015 and expected to reach 642 million within next 25 years in the world ([@j_jomb-2018-0009_ref_028], [@j_jomb-2018-0009_ref_029]). Thereby, more effective therapeutic strategies are urgently needed to control progression of the disease.

Metformin is a widely prescribed antidiabetic drug for treatment of T2D in the world. Metformin reduces hepatic glucose production and increases insulin sensitivity, thus reduces circulating blood glucose. In addition, metformin has anticancer activity by inhibiting cancer cell growth and proliferation ([@j_jomb-2018-0009_ref_007], [@j_jomb-2018-0009_ref_008]).

Circulating miRNAs have several features that make them ideal candidate biomarkers due to stability, resistant to ribonucleases, freezing or thawing condition, other drastic conditions ([@j_jomb-2018-0009_ref_030]). Hundreds of miRNAs are actively or passively released to the blood circulation to regulate specific gene function by binding of 3'untranslated regions (3' UTRs) of target mRNA and leads to either suppression of translation or degradation of target mRNAs ([@j_jomb-2018-0009_ref_031], [@j_jomb-2018-0009_ref_032]).

Recent studies have shown that changes in expression miRNAs involve in dysfunction of insulin and progression of T2D. A number of studies have showed that some miRNAs have been identified and found to be associated with T2D. Zampetaki et al. ([@j_jomb-2018-0009_ref_033]) found that serum level of miR-20b, miR-21, miR-24, miR-15a, miR-126, miR-191, miR-197, miR-223, miR-320, and miR-486 was significantly downregulated and miR-28-3p upregulated in T2D and pre-diabetes patients. Zhang et al. ([@j_jomb-2018-0009_ref_034]) reported that plasma level of miR-126 significantly reduced in patients with T2D. Yang et al. ([@j_jomb-2018-0009_ref_035]) have found that expression profiles of miR-23a, let-7i, miR-486, miR-96, miR-186, miR-191, miR-192, and miR--146a reduced in T2D.

Extensive work on circulating miRNAs in T2D have revealed that 40 circulating miRNAs including miR-21, miR-29a, miR-34a, miR-103, miR-107, miR-126, miR-132, miR-142-3p, miR-144, miR146a and miR-375 that are significantly reduced in T2D ([@j_jomb-2018-0009_ref_036]). However, three miRNAs, miR-21, miR-126 and miR--146a are the most studied circulating miRNAs and have commonly found to be downregulated in patient with type 2 diabetes. That miRNAs have potential to be biomarkers for diagnosis of T2D.

There is limited number of study how metformin alter the expression of circulating miRNAs in T2D. That motivated us to work circulating miRNAs following metformin treatment in T2D including potential miRNAs, miR-21, miR-126 and miR-146a. In this study, we aimed to identify differential expression of circulating miRNAs following metformin treatment in T2D.

###### 

Expression of plasma miRNAs following of metformin treatment in patients with T2D.

  hsa-let-7e-5p      0.11    0.32
  ------------------ ------- ------
  hsa-let-7f-5p      0.023   0.73
  hsa-let-7i-5p      0.370   0.55
  hsa-miR-1          0.388   0.78
  hsa-miR-7-5p       0.780   0.40
  hsa-miR-19a-3p     0.811   0.65
  hsa-miR-21-5p      0.037   0.61
  hsa-miR-23a-3p     0.052   0.66
  hsa-miR-23b-3p     0.092   0.56
  hsa-miR-24-3p      0.038   0.57
  hsa-miR-26a-5p     0.086   0.50
  hsa-miR-26b-5p     0.033   0.68
  hsa-miR-27a-3p     0.153   0.62
  hsa-miR-27b-3p     0.215   0.59
  hsa-miR-29a-3p     0.116   0.60
  hsa-miR-29b-3p     0.756   0.54
  hsa-miR-29c-3p     0.255   0.63
  hsa-miR-30c-5p     0.460   0.64
  hsa-miR-34a-5p     0.568   0.63
  hsa-miR-34c-5p     0.099   0.65
  hsa-miR-96-5p      0.671   0.95
  hsa-miR-99b-5p     0.668   0.58
  hsa-miR-103a-3p    0.081   0.55
  hsa-miR-107        0.075   0.46
  hsa-miR-125a-5p    0.917   1.10
  hsa-miR-125b-5p    0.244   0.82
  hsa-miR-126-5p     0.035   0.39
  hsa-miR-127-3p     0.536   0.88
  hsa-miR-129-2-3p   0.172   0.48
  hsa-miR-129-5p     0.036   0.56
  hsa-miR-130a-3p    0.118   0.59
  hsa-miR-130b-3p    0.021   0.51
  hsa-miR-133a-3p    0.181   0.23
  hsa-miR-133a-5p    0.541   0.61
  hsa-miR-133b       0.373   0.50
  hsa-miR-135b-5p    0.833   0.90
  hsa-miR-143-3p     0.595   1.16
  hsa-miR-146a-5p    0.040   0.55
  hsa-miR-148a-3p    0.007   0.41
  hsa-miR-150-5p     0.409   0.82
  hsa-miR-152-3p     0.028   0.43
  hsa-miR-542-3p     0.151   0.64
  hsa-miR-15b-5p     0.319   0.57
  hsa-miR-183-5p     0.142   0.56
  hsa-miR-184        0.334   1.28
  hsa-miR-185-5p     0.296   0.70
  hsa-miR-190a-5p    0.393   0.39
  hsa-miR-193a-3p    0.761   0.62
  hsa-miR-194-5p     0.007   0.43
  hsa-miR-195-5p     0.758   0.98
  hsa-miR-196b-5p    0.108   0.53
  hsa-miR-199a-5p    0.504   1.20
  hsa-miR-200a-3p    0.319   1.20
  hsa-miR-204-5p     0.439   0.76
  hsa-miR-206        0.745   1.24
  hsa-miR-212-3p     0.062   0.39
  hsa-miR-214-3p     0.683   0.85
  hsa-miR-296-5p     0.132   1.56
  hsa-miR-301a-3p    0.590   0.52
  hsa-miR-451a       0.832   0.52
  hsa-miR-320b       0.153   0.56
  hsa-miR-324-3p     0.314   0.87
  hsa-miR-324-5p     0.134   1.09
  hsa-miR-330-5p     0.311   0.85
  hsa-miR-335-5p     0.195   0.68
  hsa-miR-361-5p     0.771   0.81
  hsa-miR-365a-3p    0.377   0.51
  hsa-miR-370-3p     0.279   1.58
  hsa-miR-375        0.399   1.18
  hsa-miR-376-3p     0.337   0.65
  hsa-miR-377-3p     0.415   0.63
  hsa-miR-380-5p     0.155   0.69
  hsa-miR-381-3p     0.481   1.11
  hsa-miR-382-5p     0.120   0.55
  hsa-miR-424-5p     0.133   0.73
  hsa-miR-433-3p     0.310   0.98
  hsa-miR-433-5p     0.176   1.14
  hsa-miR-490-3p     0.190   0.72
  hsa-miR-506-3p     0.386   0.81
  hsa-miR-450a-5p    0.817   1.18
  hsa-miR-30a-5p     0.730   0.98
  hsa-miR-30e-5p     0.680   0.91
  hsa-miR-99a-5p     0.040   0.73

Ct. delta threshold cycle; FC. fold change. Value of p\<0.05 considered as significant.

In the present study, we found that a total of 13 miRNAs; miR-let-7e-5p, let-7f-5p, miR-21-5p, miR-24-3p, miR-26b-5p, miR-126-5p, miR-129-5p, miR-130b-3p, miR-146a-5p, miR-148a-3p, miR-152-3p, miR-194-5p, miR-99a-5p were found significantly down regulated following treatment of metformin in patients with T2D (p \< 0.05). However, we found no significant change in expression of 73 serum miRNAs by metformin treatment in T2D patients (*[Table III](#j_jomb-2018-0009_tab_003){ref-type="table"}*).

Ortega et al. ([@j_jomb-2018-0009_ref_037]) have identified that four circulating miRNAs candidate were significantly altered by metformin treatment in T2D. They have worked on 10 circulating miRNAs in 17 metformin treated T2D patients and 18 healthy individuals. Their finding showed that circulating expression of miR-140-5p (−16%, *p* = 0.004) and miR-222 (−47%, *p*=0.03) were downregulated and circulating expression miR-142-3p (38%, *p* = 0.025) and miR-192 (49.5%, *p* = 0.022) were upregulated in patients with T2D. However, we have no data for those miRNAs to compare with our results. Our results showed that expression of 13 circulating miRNAs out of 86 were modified by following metformin treatment in patients with T2D (p \< 0.05). We have worked on 47 patients with T2D and same person after 3 months metformin treatment. We have seen that miR-194-5p and miR-148-3a *(p*=0.007) are the most sensitive miRNAs following metformin treatment in T2D.

Recently it was reported that miR-148a-3p induced downregulation of NF-kB target genes expression by directly binding to 3'UTR of *IKBKB* which is key component of NF-kB signal pathway. It is known that NF-kB regulates survival and apoptosis of b-cells. Activated NF-kB leads to insulin resistance in T2D patients ([@j_jomb-2018-0009_ref_038]). Our result showed that metformin significantly change expression of miR- 148a-3p that could be subsequently change expression of NF-kB target genes (*p*=0.007).

Recent studies showed that miR-194-5p might have effects on Wnt signaling pathway by binding to genes involved in this pathway. Dysfuntion in Wnt signaling has been implicated with development of T2D ([@j_jomb-2018-0009_ref_039]). Our finding showed that expression of miR-194-5p was significantly altered by metformin treatment in patients with type 2 diabetes (*p*=0.007).

Santovito et al. ([@j_jomb-2018-0009_ref_040]) have conducted an experiment on type 2 diabetic patients by treatment of 12 months with glucose lowering agents, metformin and antidiabetic agents (DPP4 inhibitors and glynides). Their finding showed that the expression of let-7a and let-7f were significantly increased and expression of miR-326 was not changed. However, our research showed that level of 13 miRNAs was significantly downregulated only by metformin treatment. The difference is that they investigated the level of miRNAs by treatment of metformin, DPP4 inhibitors and glynides. Howver, we performed our research only by metformin research. Using of different glucose lowering agents might be target different circulating miRNAs.

In conclusion, there are a lot of studies about circulating miRNAs between T2D patients and healthy controls. Similar results showed that miR-21, miR-126 and miR--146a have potential to be biomarkers of early diagnosis of T2D disease. In the present study, we investigated differential expression of circulating miRNAs level including miR-21, miR-126 and miR--146a following metformin treatment in patients with T2D. Our researched showed that expressions of 13 plasma miRNAs were significantly changed by metformin treatment. However, there are still candidate miRNA biomarkers for T2D and we could not see any change by metformin treatment so a better and effective miRNAs based therapy is needed to completely control the disease progression. We hope that identification of those 13 miRNAs could provide development of new therapeutic strategies to completely combat the disease.
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